To achieve maximum luminosity at the SLC, both the electron and positron beams 
Introduction --
The Final Focus System (FFS) for the SLAC Linear Collider (SLC) [l] is designed c --to produce beam spots a few microns in diameter at their waists. To produce maximum luminosity, the longitudinal positions of the horizontal and vertical waists of both beams must coincide with the interaction point (IP). The standard technique for determining waist position uses a fluorescent screen profile monitor to measure beam spot size for a range of focal point positions [2] ; h owever, the resolution of a screen is inadequate to measure spots on the order of a few microns. Instead, we use a fine carbon wire, which allows us to measure beam profiles in one dimension at a time. The focal position of the beam (or, equivalently, the Twiss parameter o) is varied and the beam size is measured for at least four settings. A parabolic fit to the square of t.he beam size versus the focal -. position yields the size of the beam at the waist, the angular divergence, and the distance from the waist to the IP.
In sets. 2 and 3 we describe the details of an automated procedure, now used routinely to measure the angular divergence and to position the focal point at the IP. Section 4 discusses the generalization of this method to the minimization of dispersion and crossplane coupling [3] . After full first-order optimization of the spot size, the beam waist and the angular divergence are simply related to the emittance and beta function at the IP, providing a measurement of these parameters for simultaneous first-and second-order optimization of the spot size. The concepts and methods developed with this technique ~. are readily adapted to luminosity optimization using the beam-beam interaction [4, 5] .
Principle of the technique
The horizontal beam size at the IP, oh, can be expressed as a function of the horizontal beam size at the waist, oh(w), the beam angular divergence, aa, and the distance from The transverse beam size is measured by sweeping the beam, using one air-core dipole, in a series of 1 or 2 pm steps across wire targets supported by a fork which can be introduced into the center of the beam pipe at the IP [6] . When the beam intercepts the wire, both secondary emission and bremsstrahlung are produced with an intensity proportional to the number of beam particles striking the wire. The flux of bremsstrahlung is measured in a threshold cerenkov detector located behind the first main bending magnet downstream of the IP [7] . Th e wires are approximately 2, 3.5 and 15 pm in radius, which allows us to accurately measure a range of RMS beam sizes from 2 pm to 100 pm.
Prior to measuring the beam size, the electron or positron trajectory must be positioned near one of the wires on the wire scanner fork, in the plane (X or y) which is to be scanned. This is achieved by performing a single transverse sweep over a range larger than the interwire distance. The operator chooses the starting position for the sweep relative to the current beam position, the step size (typically 5 pm), and the number of data points to acquire (up to 50). These values are entered, using a touch panel screen, n into the host computer running the SLC Control Program [8] . The sweep is then initi- 
Measurement of emittance and p* --
To the extent that all first-order optical corrections have been applied, and that, c -.
higher-order aberrations remain negligible, the beam size at the waist and the angular divergence provide a measurement of the emittance and of ,f?*, as described in sec. 2. For a given emittance, optimum luminosity is achieved when the decrease of the linear spot size with decreasing /3* is roughly balanced by the concommitant rise in higher-order aberrations [3] . The ability to first measure, and then adjust, the betatron size at the IP is therefore central to the luminosity optimization of the collider. Table 1 illustrates the results of one such iteration of the betatron matching procedure, which aimed at reducing ,B* by a factor of about two. Column 1 shows the init,ial measured values of the beam size at the waist and of the angular divergence of the electron beam, as well as the corresponding estimates of the emittance and of p*. These values are consistent with emittance measurements performed at the end of the linac.
These numbers were used to translate [3] t,he desired changes in betatron demagnification into new quadrupole settings in the upper transformer of the FFS beamline. Column 2 shows the measured values of the same parameters after implementing these changes.
Note that while the measured emittances have remained invariant, as expected, the spot size and the angular divergence have changed (in equal proportions) in opposite directions. Even though the betatron matching procedure achieved only part of the desired demagnification change, the resulting spot sizes (column 2) exceed by less than 15% t.he SLC design specifications (column 3).
Summary
We have combined transverse beam profile measurements, using a wire scanner technique, with automatic stepping of optical beamline elements, to perform a full first-order optimization of micron-sized beams at the interaction point of the SLC. Emittance mea--surements at the IP are performed routinely as part of this procedure and yield results -c consistent with those obtained by conventional techniques further upstream in the accelerator. The measured values of the transverse spot sizes and of the emittance at the -. collision point were found within 20% of the design specifications of the collider. The techniques described in this paper and in its companion publications [3- 
